Summary. l%epeated measurements of motor conduction velocity in 14 primarily untreated diabetics showed a clear improvement in nerve-function during insulin treatment. --Similar results could not be produced by measuring the threshold for vibration sense.
It is generally accepted that the various manifestations of diabetic angiopathy, such as retinopathy and nephropathy, are not influenced by acute changes in the metabolic state. The same is not true concerning diabetic neuropathy.
According to the experience of many physicians and investigators who have dealt with diabetic neuropathy, impressive changes in the manifestations of the neuropathy can be produced by variations in the metabolic state. However, the observations that have been published, are conflicting and often based on ill-defined clinical evaluations.
The object of the present work has been to create a better basis for our conception concerning the influence of the momentary metabolic state upon nervous function in diabetics, using quantitative neurophysiological measurements.
Material and Methods
Fourteen hospitalized patients with diabetes mellitus 5 aged 53--69 years and 9 aged 12--41 years, were studied. One patient, age 56, had had diabetes for 7 years and had been previously treated with insulin for short periods. However for the last 4 years, he had neglected control and treatment, tie was also the only patient in the group showing retinopathy and clinical signs of neuropathy. The remaining 13 patients had recently-diagnosed and untreated diabetes. None of them had clinical symptoms of neuropathy. Blood glucose (o-toluidine method) was measured thrice daily: fasting in the morning, just after the midday meal and again late in the afternoon. 24 h urine was examined quantitatively for glucose and qualitatively for acetone and aeetoaeetie acid. When untreated, all the patients had high blood glucose levels throughout the 24 h, but they were ambulatory and in good general condition. Nine of them had slight ketonuria.
Before treatment with insulin was started, measurements of the motor conduction velocity (MCV) in the peroneal nerve on both sides were made, by stimulating the nerve at the ankle and at the capitulum fibulae and recording the muscle potential via coaxial needle electrodes. The vibratory perception threshold (VPT) was measured on both great toes with a biothesiometer. A more detailed description of the tecniques and normal values will be found in earlier papers (Ga~aW~SEX, 1967; GR~GE~S~, 1968a) . All the measurements were repeated once after at least one day's interval, and the average value of these two measurements used as the starting point.
After the initial measurements, the patients were put on a diet, and insulin given in order to bring the blood glucose level as near normal as possible throughout the day and to make the urine free of sugar. This treatment was continued under close supervision for a shorter or longer period. Slight insulin reactions frequently occurred, but severe reactions were not seen. Except in one ease all the patients gained weight quickly after initiation of treatment, average 3.7 kg.
During insulin treatment the MCV in both peroneal nerves and the VPT of both great toes were followed by repeated measurements, usually with intervals of 2--3 days. For practical reasons it was possible to follow two of the patients for only five days. The rest of the patients were followed from 8--35 days. In 6 cases it was possible to withdraw insulin treatment and follow the patients with the same measurements, while the 24-h blood glucose level rose. Fig. 1 shows consecutive measurements of MCV in the peroneal nerves before, during and after insulin treatment in all 14 patients. A tendency for an increase in the MCV during treatment is observed in most of the eases. The values fall again in several cases after withdrawal of treatment. The same comparisons were done with the VPT on the great toes as a parameter, but here it was not possible to show an improvement during insulin treatment.
Results
Neither was it possible by daily clinical evaluation of the deep reflexes on the lower extremities to observe any changes during insulin treatment. Normal, brisk or weak reflexes were unchanged throughout the experiment.
Discussion
Many authors have been convinced of the significance of the metabolic status for diabetic neuropathy on the basis of clinical observations of symptoms regressing during intensication of treatment of the metabolic disease. Jo~DA~ (1936) introduced the name "hyperglycaemic type" of diabetic neuritis for symptoms such as nocturnal cramps in the calf, pain and paraesthesia that all the values obtained exceed the starting point, only a few of them being lower in the first days of treatment. The pattern is the same for patients below and over 45 years of age. In the 6 patients where insulin treatment was again discontinued experimenti causa and measurements repeated, a change in MCV was seen in the 12 peroneal nerves as shown in Fig. 3 . The changes in MCV have been put in proportion to the last value others. On the other hand there have also been reports of cases, where treatment of the diabetes had no effect or even aggravated the symptoms of neuropathy (S]<rLLERN and LOOKHA~T, 1959; ELL~NBEI~G, 1959 ; GtCEEN]~AU~, 1964) .
Many attempts have been made to evaluate the significance of metabolic control on clinical diabetic neuropathy by comparing different groups of patients in retrospective studies. The results have been conflicting and will not be discussed here.
The only prospective experimental study of a measurable nerve function in diabetics during acute change in carbohydrate-status seems to be that of GuYToNs from 1961. In one patient, recoverh]g from diabetic coma, he demonstrated a distinct increase in motor conduction velocity. However, he was not able to show a change in MCV in 5 other diabetics whose insulin had been discontinued for up to 2 days.
The present investigation of a larger number of patients clearly shows that acute changes in actual metabolic state in diabetics affects nervous function, even when there is no subjective feeling or objective signs of illness.
In animal experiments ELIASSO~ (1964) found decreased nerve conduction velocity in alloxan-diabetic and pancreatcetomized rats, but under the eircum-G. GREGEESEN: Variations in Motor Conduction Velocity Diabetologia stances given was not able to reverse the decrease by insulin treatment.
The results obtained in the present work fit in with the difference in nerve-function demonstrated between poorly-regulated and well-regulated diabetics during experimental ischaemia (STEINESS 1961 ; GI~]~GE~SEN, 1968 C). They explain why nerve function is inferior to the normal even after a very short duration of diabetes (GI~EGEESEIq, t967, 1968a , 1968b , where diabetic angiopathy is unlikely to play a part.
In the present study different results were obtained by measuring MCV and VPT. However it can be assumed that MCV is a better parameter than biothesiometry under the conditions employed. The conduction of motor action potentials is a more simple function than perception of a sensory modality, which may be a resultant of both excitatory and inhibitory fibres, both subjected to the influence of changes in metabolic status (IVKELZAK and WAT,L, 1965) .
The reason for increases in MCV when the blood glucose level is normalized in diabetics is quite unknown. We know from our own studies that morphological changes in peripheral nerves from young patients with recently diagnosed diabetes are not uncommon (RESKE-I~IIELSEN, GtCEGERSE~ and HAlCMSEN, to be published). BISO~OFF (1967) found morphological changes in nerves from hamsters after diabetes of short duration. Itowever, we do not know ff such changes are reversible. From Fig. 2 it appears that a reliable increase in I~CV is first seen after 2 or 3 days treatment, so that some morphological repair has had time to occur. l%eversible biochemical changes in nerve-tissue have not yet been demonstrated in patients with recent diabetes. Alterations of hydration and electrolyteconcentrations could play a part, although it has been difficult to show (SI~zeso~, 1962) . It is well known, that insulin stimulates the uptake of glucose and oxygen in the peripheral nerve (RAFXELSE~, 1958; HE~V~ and HESSE, 1960; FIE~D and AD~S 1964) . Synthesis of cholesterol is decreased and synthesis of fatty acids increased in the nerves of alloxan-diabetic rats (EL~Assolr and ttur 1960) . Recently the demonstration of accumulation of sorbitol, fructose and glucose in alloxan-diabetic nerves has drawn attention (STEwAI%T et al., 1966; G~u et al., 1966) . Thus there can be no doubt that an abnormality of the peripheral nerves takes place early in recent, untreated diabetes. This can be demonstrated neurophysiologically and histologically, but remains to be elucidated by biochemical methods.
As shown in the present paper, this nerve abnormality is reversible. In itself this must be an argument for demanding the best possible treatment and control of diabetic patients.
To what extent this metabolic abnormality is of significance for the development of clinically demonstrable neuropathy remains to be clarified. Still, it is not unlikely that diabetic angiopathy after some years duration will also contribute to the development of clinical neurological abnormalities (LUNDB_/EK, 1967). ~efePenee8
